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a  b  s  t  r  a  c  t
Infection  of pigs  with  swinepox  virus  (SWPV)  was  reported  in Brazil  in 2011.  SWPV  causes a  systemic
pustular  disease  in  pigs  and  the  symptoms  are  clinically  indistinguishable  from  those  caused by vaccinia
virus  (VACV)  infection.  Pigs  infected  with  VACV  have  been  reported  in  various  countries;  however,  VACV
is endemic  in  Brazil,  India  and  other  countries,  where  it affects  mainly  dairy  cows,  dairy  buffaloes  and
dairy  workers  causing  localized  pustules.  The  transmission  of VACV  to  other  susceptible  hosts  has  alsoeywords:
winepox virus
accinia virus
antagalo virus
oxvirus
wine
been  detected  in  Brazil.  Therefore,  VACV  should  be investigated  as  a possible  etiologic  agent  of  pustu-
lar  skin  disorders  in  pigs.  This work  describes  the  development  of  a one-step  duplex  assay  to  detect
swinepox  and vaccinia  viruses  simultaneously  in  skin  lesions  of  pigs with  generalized  pustular  disease.
The  investigation  of  VACV  infection  in pigs  is important  in  countries  where  this  zoonosis  is  endemic  and
should  be  differentiated  from  SWPV  infection.
© 2015  Elsevier  B.V.  All  rights  reserved.Swinepox disease is caused by Swinepox virus (SWPV;
uipoxvirus genus, Poxviridae), which infects only swine and is
ransmitted by pig lice or by close contact with infected animals.
orbidity is usually high, and animals develop extensive pustu-
ar lesions on the skin (Cheville, 1966; House and House, 1994).
oung animals are affected more severely than adults, and congen-
tal cases usually have high rates of fatality (Kasza and Griesemer,
962; Borst et al., 1990). SWPV was detected for the ﬁrst time in
razil in 2011 during an outbreak of the disease on pig farms in São
aulo state (Medaglia et al., 2011).
Vaccinia virus (VACV; Orthopoxvirus genus) infection in pigs also
auses the appearance of generalized pustular lesions on the skin
Cheville, 1966; De Boer, 1975; House and House, 1994). Therefore,
he differential diagnosis between these poxviruses is important,
articularly in countries where VACV infections are endemic such
s Brazil and India or have been detected in occasional outbreaks
uch as Indonesia, Egypt and Nepal (Moussatche et al., 2008; Singh
t al., 2012). The economical losses and occupational issues are
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166-0934/© 2015 Elsevier B.V. All rights reserved.especially relevant in Brazil, where there have been numerous
reports of VACV-related diseases in dairy cattle and milkers over
the last 15 years (Moussatche et al., 2008). Cantagalo virus (CTGV)
was the ﬁrst VACV strain identiﬁed on farms in Rio de Janeiro
state (Damaso et al., 2000). Subsequently it spread to several other
states in Brazil (de Souza Trindade et al., 2003; Damaso et al.,
2007; Quixabeira-Santos et al., 2011; Peres et al., 2013). Usually,
the farms that are most affected are small family properties with
a high density of animals, thus favoring the spread of infection.
Polyculture farming is a common practice in these farms some-
times applying a multi-trophic approach. Other animals are raised
as a secondary economic activity or for family use (Medaglia et al.,
2009; Quixabeira-Santos et al., 2011; Peres et al., 2013). Therefore,
a putative spread of VACV infection to other susceptible hosts, such
as pigs, should be considered and investigated.
The occurrence of SWPV in São Paulo state in 2011 was  diag-
nosed by PCR ampliﬁcation of three genes conserved within
the Poxviridae,  followed by DNA sequencing and phylogenetic
inference (Medaglia et al., 2011); however this strategy is time-
consuming and expensive. Moreover, in 2011 and 2012, two other
outbreaks were reported on farms in Paraná and Minas Gerais
states, respectively. Consequently, there was a need to develop a
fast and speciﬁc molecular method to identify the pathogen asso-
ciated with the outbreaks. This work presents the development
M.L.G. Medaglia et al. / Journal of Virological Methods 219 (2015) 10–13 11
Table  1
Oligonucleotides and cycling conditions used in the PCR assays in this work.
Name Target – expected fragment size Sequence (5′→3′) Cycling conditions Reference
SWPV set SWPV and duplex assaya
SW149-Fwd
Fragment of SWPV TNF-binding protein – 273 bp
CCAGAATTAAGAAATGAACCACCAAC 94 ◦C, 8 min; 35 cycles (94 ◦C, 40 s;
50 ◦C, 50 s; 72 ◦C, 1 min); 72 ◦C, 7 min This workSW149-Rev CTTTACTAAAGCGTTTATTCTTGGGG
HA  set HA assay
EACP1 (Fwd) Orthopoxvirus hemagglutinin – approximately
900 bp
ATGACACGATTGCCAATAC
As described by Damaso et al., 2000 Damaso et al., 2000
HA910Rev GAATATTGCCACGGCCGAC
Low G-C set Low G-C assay
Low  G-C-Fwd Fragment of insulin metalloproteinase-like protein
gene and membrane protein gene from poxviruses
of low G-C content genomes – 220 bp
ACACCAAAAACTCATATAACTTCT
As described by Li et al., 2010 Li et al., 2010
Low-G-C-Rev CCTATTTTACTCCTTAGTAAATGAT
High G-C set High G-C assay
Hgh  G-C-Fwd Fragment of an RNA polymerase subunit gene from
poxviruses of high G-C content genomes – 630 bp
CATCCCCAAGGAGACCAACGAG
As described by Li et al., 2010 Li et al., 2010
High G-C-Rev TCCTCGTCGCCGTCGAAGTC
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Orthopoxvirus genus, was detected only in samples containing con-
trol VACV-WR, CPXV or CTGV DNA (lanes 2–4). Mixed samples were
positive for both fragments (Fig. 2A, lane 6). The analysis of the
clinical samples revealed that all swine scabs contained only SWPV
Fig. 1. Speciﬁc PCR-detection of SWPV DNA. PCR assays were performed according
to  the cycling conditions described in Table 1. (A) Speciﬁcity of SWPV-149 primers.
SWPV: swinepox virus strain Kasza; LSDV: lumpy skin disease virus; MDPV: mule-
deer  poxvirus; MYXV: myxoma virus; COTV: Cotia virus; VACV-WR: vaccinia virus
strain Western Reserve; CTGV: Cantagalo virus; CPXV: cowpox virus; RPXV: rabbit-
pox  virus; and PCPV: pseudocowpox virus. (B) DNA samples used in (A) were used
as  the template for PCR assays using either the Low G-C primer set (SWPV, LSDV,a Duplex assay included SWPV and HA primer sets.
f a PCR-based assay to identify SWPV speciﬁcally and investigate
imultaneously the presence of VACV in clinical samples.
To detect SWPV speciﬁcally and to avoid further nucleotide
equencing, primers that target internal regions of the SWPV-149
ene were designed. This gene encodes a tumor necrosis fac-
or (TNF)-binding protein and shows negligible similarity levels
o other poxvirus genes (www.poxvirus.org). DNA from 10 scab
amples was isolated using the Promega Wizard kit as described
Medaglia et al., 2009). As loading controls for single assays, a pan-
oxvirus universal PCR was used to detect poxviruses of low-GC
nd high G-C content genomes (Li et al., 2010). In duplex assays to
nvestigate the presence of VACV in clinical samples, the PCR mix-
ure also included a primer set to detect the hemagglutinin (HA)
ene, which is a marker of the genus Orthopoxvirus (Damaso et al.,
000, 2007). All primer sets and cycling conditions used in this work
re described in Table 1. Other reagents used in PCR assays were
reviously described (Medaglia et al., 2011).
DNA samples from 10 different poxviruses representing differ-
nt genera of the Poxviridae were used to investigate the speciﬁcity
f the SWPV-149 primers. The poxviruses used were: swinepox
irus strain Kasza (genus Suipoxvirus); lumpy skin disease virus
LSDV; genus Capripoxvirus);  mule-deer poxvirus (MDPV; genus
ervidpoxvirus); myxoma virus (MYXV; genus Leporipoxvirus);
otia virus (COTV; unassigned genus); vaccinia virus strain Western
eserve (VACV-WR; genus Orthopoxvirus); Cantagalo virus iso-
ate CM-01 (genus Orthopoxvirus); cowpox virus strain Brighton
ed (CPXV; genus Orthopoxvirus); rabbitpox virus (RPXV; genus
rthopoxvirus); pseudocowpox virus (PCPV; genus Parapoxvirus).
wo of them, COTV and CTGV, were isolated in Brazil (Damaso
t al., 2000; Afonso et al., 2012). As shown in Fig. 1A, the SWPV-
49 primer set ampliﬁed a 273-bp fragment only when DNA from
WPV was used. All other 9 species tested representing 6 genera
f the Poxviridae were negative. The presence of viable DNA in all
amples was conﬁrmed by a parallel assay using pan-poxvirus uni-
ersal primers to amplify a 220-bp DNA fragment of poxviruses
ith low G-C content or a 630-bp DNA fragment of PCPV, the only
oxvirus with high G-C content genome tested in this work (Li et al.,
010) (Fig. 1B). In addition, the SWPV-149 primer set also ampliﬁed
uccessfully a 273-bp DNA fragment in the SWPV-positive clini-
al samples from the 2011 outbreak in São Paulo (Fig. 1C, lanes
–11) (Medaglia et al., 2011). More importantly, samples from the
atest outbreaks in Paraná state (lanes 3 and 4) and Minas Gerais
tate (lane 12) were also positive, conﬁrming SWPV as the etiologic
gent of the disease in these outbreaks. The amplicons correspond-
ng to two clinical samples were Sanger-sequenced and showed
00% identity levels with the SWPV-149 gene from the SWPV strain
ebraska (data not shown).To improve the overall identiﬁcation of poxvirus-related dis-
eases in pigs, the assay described above was modiﬁed to include
primers that detect VACV DNA in a one-step duplex assay. Fig. 2A
shows that a 273-bp fragment was  observed only in samples
containing control SWPV DNA (lane 1) whereas a fragment of
approximately 900-bp corresponding to the HA gene, a marker forMDPV, MYXV, COTV, VACV-WR, CTGV, CPXV, and RPXV) or the High G-C primer set
(PCPV). (C) The SWPV-149 primer set was  used in the PCR assays to detect SWPV
DNA of scab samples of infected pigs from the states of Paraná (lanes 3 and 4), São
Paulo (lanes 5–11) and Minas Gerais (lane 12). DNA from SPWV strain Kasza was
used  as positive control (lanes 2 and 13).
12 M.L.G. Medaglia et al. / Journal of Virological Methods 219 (2015) 10–13
Fig. 2. Duplex-PCR assay for one-step detection of SWPV and Orthopoxvirus DNA in clinical samples. Duplex-PCR assays were performed using SWPV-149 and HA primer
sets  under cycling conditions described in Table 1. (A) Control assays using DNA from SWPV strain Kasza (lane 1) or DNA from the following orthopoxviruses: VACV-WR
(lane  2), CPXV (lane 3) or CTGV (lane 4). Mixed DNA samples from SWPV and CTGV (lane 6) were used to show that both targets could be detected simultaneously as well as
to  mimic coinfection. (B) Duplex PCR using DNA isolated from skin lesions of pigs infected with SWPV (lanes 3–12) or DNA isolated from scab samples of cows infected with
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s  control (lane 1).
Fig. 2B, lanes 2–12). The HA gene was not detected in pig sam-
les, ruling out the possibility of coinfection with VACV, which is
he only species of the Orthopoxvirus genus described as a porcine
athogen. On the other hand, scab samples obtained from dairy
ows were positive only for HA ampliﬁcation in the duplex assays
lanes 13–16), conﬁrming infection by VACV (strain CTGV) as previ-
usly reported (Quixabeira-Santos et al., 2011). Mixed DNA samples
f the clinical isolates were used as positive control to simulate
etection of both viruses (lanes 17–19).
The analytical sensitivity of the assays was investigated by 10-
old serial dilutions of the reference DNA samples (SWPV strain
asza and CTGV isolate CM-01) mixed in a solution containing
0 ng/reaction of pig DNA isolated from PK-15 cells to mimic  the
ackground of swine clinical samples. The limit of detection was
.1 ng for each viral DNA. Intra-laboratory repeatability of the
uplex assay was determined using 16 positive, negative or dou-
le positive samples tested in 5 separate runs. The results were
onﬁrmed in 100% of the samples. To assess the inter-laboratory
eproducibility, the 16 samples were blind-coded and sent to an
xternal laboratory at Instituto de Microbiologia Paulo de Góes for
ndependent testing. The results were interpreted by the external
esearchers and were in 100% agreement between laboratories.
These results demonstrated that the one-step duplex PCR assay
ould be an efﬁcient diagnostic tool to indicate rapidly whether
oxvirus-related diseases of pigs are caused by SWPV infection or
epresent a spread of VACV infection to domestic hosts besides
ows or even if there is a coinfection.
The occurrence of VACV infections in dairy farms that adopt
olyculture practices should be monitored closely due to the risk of
irus transmission to domestic animals. In this context, there havesimultaneous detection of both targets (lanes 17–19). SWPV strain Kasza was used
been reports of VACV infection in horses in Brazil (Brum et al., 2010;
Campos et al., 2011). In addition, a detailed study has recently indi-
cated high seroprevalence of anti-Orthopoxvirus antibodies in dogs,
swine and horses on farms in São Paulo state (Peres et al., 2013).
The authors suggested that the animals could have been infected by
contact with the feces from infected cows. In fact, previous studies
have shown that cows can excrete viable virus in urine and feces
after experimental infection with VACV (Rivetti et al., 2013). Nev-
ertheless, it is also important to consider the possibility of VACV
transmission from a putative rodent reservoir to domestic animals
(Abrahao et al., 2009; Peres et al., 2013; Barbosa et al., 2014). This
scenario has been reported frequently in Europe where the infec-
tion of domestic animals and pets with the orthopoxvirus cowpox
is highly prevalent. Domestic cats are primarily infected during out-
breaks of cowpox virus infection as well as pet rats, dogs and zoo
animals (von Bomhard et al., 2011; Vogel et al., 2012; Shchelkunov,
2013).
Taken together, these data reinforce the need for molecular
diagnostic tests to investigate the presence of SWPV and VACV
simultaneously in a one-step assay, generating faster results.
Besides the diagnostic purpose, the duplex assay could be an impor-
tant tool to investigate a possible spread of VACV infection to other
susceptible hosts.
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